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(54) SEMICONDUCTOR NONVOLATILE MEMORY AND ITS MANUFACTURE 

(57) Abstract: PURPOSE: To provide a semiconductor nonvolatile memory, which can be 
manufactured in high integration in terms of the existing processing technology and at low cost, 
and its manufacturing method. CONSTITUTION: MONOS is used as a memory element. A first 
layer gate is thinned down by the resist ashing method. After an ONO film is formed, a transistor 
is made by a sidewall at a second layer which is a second polysilicon layer 4; then, the ONO 
film is formed to form a transistor between sidewalls in a third layer which is a third polysilicon 
layer 5. This enables the integration of a semiconductor nonvolatile memory to be improved. 
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[Claim (s)] 

[Claim 1] The semiconductor nonvolatile storage which accumulates a charge to a gate 
insulator layer, which has at least 
two 1st storage elements formed setting a predetermined spacing 

the 2nd storage element which makes the side wall the gate formed on at least the 1 
side-face side of the gate section of the 1st storage element through the layer inbetween, and 

the 3rd storage element formed between the 2nd two storage elements which set the 
predetermined spacing. 

[Claim 2] The semiconductor nonvolatile storage according to claim 1 in which at least 

one side is constituted from an insulator layer which contains a nitriding insulator layer at 
least among the layer inbetween for separating between the above-mentioned gate insulator 
layer and an element. ................... 

[Claim 3] The semiconductor nonvolatile storage according to claim 1 or 2 in which the storage 
element is arranged as NAND type. 

[Claim 4] The semiconductor nonvolatile storage according to claim 1 or 2 in which the storage 
element is arranged as contact less type NOR type. 

[Claim 5] A manufacture technique of the semiconductor nonvolatile storage which accumulates 
a charge to a gate insulator layer, and is characterized by the following: 

After forming an insulator layer on a semiconductor substrate, the 1st polysilicon is deposited 
on said insulator layer, the deposited 1st polysilicon layer is processed by resist-ashing, and 
the predetermined spacing is set and at least two first storage elements are formed, 

after forming an insulator layer on the substrate and the 1 st storage element front face, a 2nd 
polysilicon layer is formed on at least one of the sides of the 1 st storage element, and 

after forming an insulator layer on the front face of the 2nd polysilicon layer at least, 
between the at least two 2nd polysilicon layers which are set at a predetermined spacing the 
3rd polysilicon layer is formed. 

[Claim 6] The manufacture technique of the semiconductor nonvolatile storage according to 
claim 5, in which 

the 3rd polysilicon layer is formed on the substrate, the 1st, and the 2nd polysilicon layers, 
in the groove created by the 3rd polysilicon layer forming, mask material is self-adjustingly 
applied, and with this as a mask the 3rd polysilicon layer is formed. 

[Detailed Description of the Invention] 
[0001] 
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[Field of the Invention] This invention relates to a semiconductor nonvolatile storage and its 
manufacture technique, such as an electrically rewritable non-volatile memory, for example, a 
flash EEPROM etc. 

[0002] 

[Description of the Prior Art] Since the information is saved even if the power is turned off, 
non-volatile memories are easy to use, and their market keeps expanding. They roughly divide 
into nonvolatile memory cell layouts of the NOR type and of the NAND type. 

[0003] Fig. 6 is a drawing showing an example of a configuration of a NOR type nonvolatile 
memory cell. In Fig. 6, BL1, BL2 show bit lines, WL1, and WL2 show word lines, and MT11, 
MT12, MT21 and MT22 show memory cell transistors, respectively. As shown in Fig. 6, one bit 
contact CNTBL is shared between two adjacent transistors MT11 and MT12, MT21 and MT22. 
That is, 0.5 bit contact CNTBLs per one transistor (1 bit) are needed. 

[0004] Although it is suitable for fast operation since such NOR type non-volatile memory of a 
configuration can be directly accessed without the mediation of other transistors, it is difficult to 
raise the degree of integration since every bit needs 0.5 contacts. 

[0005] On the other hand, in the case of NAND type non-volatile memories, a plurality of 
memory cell transistors MT1 - MT8 are connected in series between the bit contacts CNTBL 
and the electrical grounding, as shown in Fig. 7. 

In practice, although between a memory cell transistor and bit contact CNTBL and the ground, 
a selection transistor is inserted, the bit contact CNTBL shares an adjoining in-series memory 
cell transistor group. 

Therefore, in the case of 8 bit-serial cells, one piece requires only a total of (8+2) x 2 = 20 
transistors. 

[0006] A NAND type non-volatile memory of such a configuration, compared to the memory cell 
which was connected in series, although since a contact can be managed with one piece it is 
suitable for high integration, since other transistors are connected to the transistor to be 
accessed in series, it cannot be used for required intended fast turn around use. 

[0007] Then, NAND type non-volatile memory is promising when although rapidity is not 
demanded so much, but large capacity is required, for example for the displacement of a hard 
disk and fixed tape. 

When used for this kind of intended use, since it is generally used widely, that price is low, it is 
very important. 

Since the number of bits per unit price area is larger than NOR type non-volatile memory, 
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NAND type non-volatile memory is advantageous in cost, and in this respect too is 
advantageous for this kind of intended use. 

[0008] 

[Problem (s) to be Solved by the Invention] However, although it is necessary to advance 
micronization in order to raise a degree of integration further with usual NAND structure, it is 
limited if using only present processing technique. 

Moreover, in order to develop the hew micro-processing technique for it, it is accompanied by 
the distress in time, technical, and cost. 

[0009] The purpose of this invention is to offer the semiconductor nonvolatile storage and its 
manufacture technique in view of such a situation, and to attain high integration within the limits 
- of present processing techniques, and as a result to attain cost reduction. — 

[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
semiconductor nonvolatile storage of this invention which accumulates a charge to the gate 
insulator layer has 

at least two 1 st storage element which was formed sets a predetermined spacing, 

the 2nd storage element which uses as the gate the side wall formed on at least 1 side-face 

side of the gate section of the 1st storage element through the layer inbetween, and 
the 3rd storage element formed between the two 2nd storage elements which set the 

predetermined spacing. 

[001 1] Moreover, the semiconductor nonvolatile storage of this invention consists of an insulator 
layer in which at least one side contains a nitriding insulator layer at least among the layer 
inbetween for separating between the above-mentioned gate insulator layer and an element. 

[0012] Moreover, a storage element is arranged by NAND type or contact less type NOR type in 
the semiconductor nonvolatile storage of this invention. 

[0013] Moreover, the manufacture technique of the semiconductor nonvolatile storage which 
accumulates a charge to the gate insulator layer of this invention includes the steps of 

after forming an insulator layer on a semiconductor substrate, the 1st polysilicon is deposited 
on an insulator layer, 

the 1st polysilicon layer made to deposit is processed by resist-ashing, and the at least two 
1st storage elements are formed setting the predetermined spacing, 

after forming an insulator layer on a substrate and the 1st storage element front face, the 2nd 
polysilicon layer is formed on at least 1 side of the 1 st storage element, 
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after forming an insulator layer on the front face of the 2nd polysilicon layer at least, the 3rd 
polysilicon layer is formed between the at least two 2nd polysilicon layers which set the 
predetermined spacing. 

[0014] Moreover, by the manufacture technique of the semiconductor nonvolatile storage of this 
invention, the 3rd polysilicon layer is formed on the substrate, the 1 st, and 2nd polysilicon layers, 
and the 3rd polysilicon layer is processed into the slot made after the 3rd polysilicon 
stratification, embedding mask material on a self-matching target and using this as a mask. 

[0015] 

[Function] According to the semiconductor nonvolatile storage of this invention, the degree of 
integration of a semiconductor nonvolatile storage improves by 4 times within the limits of 
present manipulation technique. 

[0016] Moreover, according to the manufacture technique of this invention, 
first, after forming an insulator layer on a semiconductor substrate, the 1st polysilicon is 

accumulated on an insulator layer. 
As for the deposited 1st polysilicon layer, the width of face is processed using the 

resist-ashing method. 

Thereby the at least two 1 st storage elements are formed at set predetermined spacing. 

Next, after forming an insulator layer on a substrate and the 1st storage element front face, 
the 2nd polysilicon layer is formed in the at least 1 side of the 1st storage element, and the 2nd 
storage element is constituted. 

Subsequently, after forming an insulator layer in the front face of the 2nd polysilicon layer at 
least, the 3rd polysilicon layer is formed between the at least two 2nd polysilicon layers which 
set the predetermined spacing, and the 3rd storage element is constituted. 

[001 7] Moreover, according to this invention, the 3rd polysilicon layer is formed on the substrate, 
the 1st, and 2nd polysilicon layers. 

At this time, a slot is made in the 3rd polysilicon layer formed between the 2nd polysilicon 
layers. 

In the slot made after this 3rd polysilicon stratification, mask material is embedded on a 
self-matching target and using this as a mask, the 3rd polysilicon layer is processed so that it 
may be located between the two 2nd polysilicon layers. 

[001 8] 

[Embodiment] Fig. 1 is a cross section showing one embodiment of NAND type semiconductor 
nonvolatile storage concerning this invention. 
In Fig. 1, Tr1 is the 1st transistor, Tr2 the 2nd transistor, Tr3 the 3rd transistor, 1 the 
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semiconductor substrate and 2 the gate insulator layer, 3 the 1st polysilicon layer, 4 the 2nd 
polysilicon layer, 5 the 3rd polysilicon layer and 6 and 7 show the inbetween layers insulation 
layer, respectively. 

[0019] The 1st transistor Tr1 is the so-called MONOS type transistor from which the gate was 
constituted by the 1st polysilicon layer 3. That is, the gate insulator layer of an MOS transistor, 
as shown in Fig. 2 , is the memory transistor constituted by ONO insulator layers which consist 
of three Si02/SiN/Si02 layers. 

[0020] The 2nd transistor Tr2 is a MONOS type transistor from which the gate was constituted 
by the 2nd polysilicon layer 4. 

The 2nd polysilicon layer 4 which constitutes the gate is formed in the both sides of the 1st 
polysilicon layer 3, through the inbetween-layers insulation layer 6, as the side wall, that is: — 

[0021] The 2nd transistor Tr3 is MONOS type transistor from which the gate was constituted by 
the 3rd polysilicon layer 5. 

The 3rd polysilicon layer 5 is formed on the layer insulation layer 7 formed on the 1st 
polysilicon layer 3 and the 2nd polysilicon 4 and on the gate insulator layer 2 between the 
adjoining 2nd transistors Tr2. 

[0022] Thus, in this embodiment, the ONO layer which has the structure as shown in Fig. 2 is 
used as a gate insulator layer of the 1st to the 3rd transistor Tr1, Tr2, and Tr3, and while it is 
used for holding a memory function, it also has a function as a layer insulation layer between 
each transistor. 

In this case, although the oxide film (referred to also as Bottom Ox) of the lowest layer of 
ONO is obtained by oxidizing polysilicon, since the oxide film on a polysilicon has the property 
of becoming thicker than the substrate 1 top which consists of single crystal silicon, it is suitable 
for the purpose of layer insulation. 

[0023] Next, the manufacture technique of the semiconductor nonvolatile storage of Fig. 1 is 
explained, referring to Fig. 3. 

In addition, the explanation of processes, such as an ion implantation without the direct 
relation to a configuration, is omitted. 

[0024] First, phosphorus is doped, after forming ONO layer used as the gate insulator layer 2 on 
a substrate 1 and depositing polysilicon Poly by the about 250nm thickness by CVD, as shown 
in Fig. 3 (a). 

In addition, the thickness of the gate insulator layer 2 is, for example, set by 
the thickness of the lowest Si02 ONO layer of 2nm, 
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the thickness of the middle SiN layer of 4nm and 
the thickness of the uppermost Si02 layer of 3nm. 

[0025] Next, as shown in Fig. 3 (b), patterning of the line / space of the minimum design rule 
(US) is carried out by resist PR by the technique of lithography. 
A pattern spacing is set as about 0.4 micrometers. 

[0026] Next, as shown in Fig. 3 (c), using the resist-ashing method, resist PR are etched 
isotropic in an oxygen plasma, and resist line breadth is dwindled to about 0.2 micrometers. 

In this case, the amount to dwindle is determined taking into consideration that the gate 
length of the 1st to the 3rd transistor Tr1 , Tr2, and Tr3 will finally become the same. 

Thereby, the distance between adjoining resist patterns is set to about 0.6 micrometers. 
— As concrete conditions of the resist-ashing method, the power is set at 100W, pressure at - 
200mTorr, and oxygen gas at 20SCCM. 

[0027] Subsequently, a resist is exfoliated, after removing polysilicon and ONO layer by RIE, as 
shown in Fig. 3 (d). 

Next, as shown in Fig. 3 (e), ONO layer is formed on the substrate 1 and a pattern. 

Although ONO layer on a substrate 1 is formed at this time so that it may become the same 
thickness as ONO layer of the 1 st transistor Tr1 , 

as mentioned above, ONO layer of the side and top face of the 1st transistor Tr1 becomes 
thicker than on top of the substrate 1 . 

This is because a bottom Ox becomes thick on a polysilicon, as mentioned above. 

[0028] Next, as shown in Fig. 4 (f), after forming the 2nd polysilicon layer 4 by CVD and doping 
phosphorus, etchback is carried out by RIE and the side wall of the 2nd polysilicon layer 4 is 
formed. 

In this case, in the field in which the 1st polysilicon layer 3 and the 2nd polysilicon layer 4 is 
not formed, the field of the ONO layer of substrate 1 in which 3rd transistor Tr3 is formed is 
later removed. 

Therefore, most of the ONO layers of the top of the 1st transistor Tr1 are removed. 

[0029] Next, as shown in Fig. 4 (g), the ONO layer is formed on top of substrate 1 , on top of the 
1st polysilicon layer 3 and the 2nd polysilicon layer 4. 

Although the ONO layer on top of substrate 1 is formed so as to have the same layer 
thickness as the ONO layer of the 1 st polysilicon layer 3 and the 2nd polysilicon layer 4, as 
mentioned above, the ONO layer on top of the 1 st transistor Tr1 and on top of the 2nd transistor 
Tr2 becomes thicker than on top of substrate 1 . 
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[0030] Next, phosphorus is doped, after forming 3rd polysilicon layer 3 Poly (5) by CVD on the 
whole ONO layer, as shown in Fig. 4 (h). 

Next, as shown in Fig. 4 (i), patterning is carried out with lithography. 

The space at this time is good at the minimum spacing of a design rule, and does not need to 
take a doubling gap margin. 

That is because the doubling gap margin can be substituted by a side wall. 

And as shown in Fig. 4 (j), the polysilicon layer on the 2nd transistor Tr2 located about in the 
1st transistor Tr1 field and on the 1st transistor Tr 1 is removed by RIE, and a resist layer is 
exfoliated. 

Hereafter, the explanation progresses to processes, such as formation of a inbetween layers 
insulation layer. 

[0031] Moreover, instead of the process of the Fig. 4 (i) and (j) mentioned above, for example as 
in Fig. 4 (h), you may be made to process the 3rd polysilicon layer 5, embedding for example, 
SiO, SOG, or a resist on a self-matching target as the mask material 2 into the slot made when 
the 3rd polysilicon layer 5 was formed, and using it as a mask. 

[0032] Next, it considers how many memory transistors can be formed into the line/space of one 
unit as a result using Fig. 5 . 

In addition, in Fig. 4 , L shows the minimum design rule, and since it is easy, it makes a 
line/space the length of 4U/4L 

Moreover, the thickness of ONO is ignored. 

[0033] As shown in Fig. 5 (a), in the usual 1st polysilicon case, the number of memory 
transistors is one in a line / space 1 unit. 

On the other hand, in this embodiment, as shown in Fig. 5 (b), four transistors of gate-length 
2L are formed into 4L+4L=8L. 

Specifically, one 1st transistor Tr1, two 2nd transistor Tr2, and one 3rd transistor Tr3 
becomes a total of four pieces. 

Consequently, according to this embodiment, the degree of integration can be increased to 4 
times the usual. 

[0034] As explained above, according to this example, after dwindling the gate of the 1st layer 
by the resist-ashing method and forming ONO layer, using MONOS as an element, since the 
transistor by the side wall is produced with the 2nd layer of 2nd polysilicon 4, ONO layer is 
formed further and the transistor is formed between the side walls in the 3rd layer of 3rd 
polysilicon layer 5, within the limits of present manipulation technique, the degree of integration 
of non-volatile memory can be improved. 
Consequently, since the cost per bit can be reduced, there is an advantage which can lower 
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the price of a product. 

Moreover, the side wall doubling gap margins can be absorbed, and a memory cell can be 
formed using the minimum manipulation dimension. 

[0035] In addition, at this embodiment, although NAND type semiconductor nonvolatile storage 
was explained as an example, it cannot be overemphasized that it is not limited to this and this 
invention can be applied also to contact less type NOR semiconductor nonvolatile storage. 

[0036] 

[Effect of the Invention] As explained above, according to this invention, the degree of 
integration of non-volatile memory can be improved within the limits of present manipulation 
technique. Consequently, since the cost per bit can be reduced, there is an advantage which 
can lower the price of a product: - 

[Brief Description of the Drawings] 

[Fig. 1] It is the cross section showing one example of NAND type semiconductor nonvolatile 

storage concerning this invention. 

[Fig. 2] It is explanatory Fig. of ONO structure. 

[Fig. 3] It is drawing for explaining the manufacture technique of the semiconductor nonvolatile 
storage of Fig. 1 . 

[Fig. 4] It is drawing for explaining the manufacture technique of the semiconductor nonvolatile 
storage of Fig. 1 . 

[Fig. 5] It is drawing for measuring and explaining the degree of integration with elegance this 

invention article and conventionally. 

[Fig. 6] It is drawing for explaining NOR type memory cell. 

[Fig. 7] It is drawing for explaining NAND type memory cell. 

[Description of Notations] 
Tr1 - The 1 st transistor 
Tr2 - The 2nd transistor 
Tr3 The 3rd transistor 

1 - Semiconductor substrate 

2 Gate insulator layer 

3 — The 1st polysilicon layer 

4 — The 2nd polysilicon layer 

5 - The 3rd polysilicon layer 

6, 7 - Between layer insulation layer 



